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SU?i?iART 

Object . - To determine the effect of inlet-air temperature and 
cylinder displacement on the charge tempr»rature of an internal- 
combustion engine at the end of the induction stroke. 

Scope . - Th'i heating effect of cylinder walls vfas ^stiinated b/ 
determining the effect of inlrjt-air tomporatur^* on a'».r conouin'^tlon of 
engines operited at constant inlet-air presjun. 'I3sts were run on 
the follovrinr; five single-cylinier t'=ict units: an e.\i:ine oC 17-6-cubic- 
inch displacement; a CFR engine of JT-l-cubic-inch dLc{-'lace;r.3nt 1 a 
Lycoming cylinder of 102 .8-cubic-Lnch diapidcementi an Allinon V-I7IO 
cylinder of ll42.5-cublc-inch displace aentj and a Wrir.ht 1820 G200 cyl- 
inder of 202.?-cubic-inch displrice^ient. 

The actuaL value of Iho cyilnier-charce tempsrature has not b'-en 
determined in t'lis investir ition, but the variation of the chart's tem- 
perature with the inlet-a-ir temiieratare and the effect of cylinder size 
on these variations have been found. 

Summary of results. - Results of tests are summarized as fell civs : 

1. The cylinler-charge tomperat'.ire at the end of the induction 
stroke appeared to be a linear function of the inlet-air temperature. 

2. The rate of change of cylinder-charge temperature at the end 
of the induction stroke with the inlet-a.Lr temper-iture varied with the 
cylinder displacement according to the equation: 

Vd" 

where 

B rate of change of cylinder-charge temperature at end of induc- 
tion stroke with inlet-air temperature 
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D 



cylinder displacement, cubic inches 



INTRODUCTIOlf 



One of the main problems in the field of fuel knock rating is 
the correlation of knock tests obtained rrith various ent'ine cylinders. 
Tests of the same fuel in different cylinders at the same conditions 
of compression ratio, engine speed, inl'=>t-air temperature, coolant 
or head temperature, and spark advance sno^ larr^e differences in knock 
liirits. One of the contributing causes tn the disaf;rep»ment between 
cylinders is the difference In hoat transfer from the cylinder to the 
charge . 

The present study is part of a program to correlate- knock tests 

among various cylinders and to deter^iino the relative effect of engine 
variables on the knock liPtiL of fuels. The specific objoct of this 
investigation is to determine the eff'^cts of inlet-air tsnrijerature and 
cylinder displacement on the charge tenp^rature at the ^^nd of th€ induc- 
tion period. Th»? results are primarily inLeniod to aid in the analysis 
of knock-test data. 

The follovfin^j equation from ref^vrence 1 r^lat^s cylinder-charge 
temperature, inlet-air temp.eraturc , and cylinder-v/all temonrature : 



where 

T^ charge temperature 
Tg^ inlot-air tseiT^f rat;:rc 

mean InsiJe tc^n-^rature of cylinder walls 
A constant 

Reference 1 does not r.ivo a f crT.al dtjrivaticn of oquaticn (l) . i\ 
derivation givon In the aopendiy. th--* pr«s"*nt r-'port /:iv:s the fol- 
IcTiiiK equations: 




(1) 



or 



Tc = Ta (1 - A) + Tt; A 



Tc - Ta 3 + T 



; (1 - B) 



(2) 
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and 

1-8, I (5) 

where B and H are constant. Equations (l) and (2) are equiva- 
lent and B a 1 - A. 

Experimental evidence was gathered in the present study to verify 
the form of equation (2) and to evaluate the constant H in equa- 
tion (3). The data do not permit the evaluation of Tq. 

The data for this study were obtained by the NACA at the Langley 
Memorial Aeronautical Laboratory at Langley Field, Va«j and at the 
Aircraft Engine Research Laboratory at Clevelandj Ohio. 



APPARATUS 



Tests were conducted on an engine of 17-6-cubic-inch displacement 
designed by the Ethyl Corporation, a CFR enf^ine, a Lycoming 0-1250 cyl- 
inder, an Allison V-1710 cylinder, and a Wright 1820 G200 cylinder. 
The Wright cylinder was air-cooled and the other four cylinders were 
liquid-cooled • The test setups are described in the succeeding para- 
graphs • 

17-6 engine r - In the 17-t-enGine tests the standard intake elbow 
for the AFD J-C fuel -test engine w.is used. A small surge tank with 
a volume of iil5? cubic inches was directly connected to the intake elbow. 
Air flow was measured with a thin-plate-orifice meter • Fuel was 
injected into the air at the intake elbow. 



The valve timing was as follows: 



Intake opens ^ degrees A.T.C 10 

Intake closes, degrees A.6«C. UO 

Exhaust opens, degrees B4B.C« UO 

Exhaust closes, degrees A.T.C. « 1^ 

CFR engine. - The tests with the modified CFR engine of 37-U-cubic- 
inch displacement were conducted with the apparatus described in refer- 
ence 2. A fuel-injection nozzle was inserted into a special opening 
in the Intake manifold at a point directly opposite the intake port of 
the engine. T!ie nozzle pointed directly at the center of the intake 
port and was located 3 inches from the port. Injection started at 
hp^ A«T.C. on the intake stroke. The combustion-air surge tank had a 
volume of U^O cubic inches. The inlet-air pressure was measured by a 



mercury manometer connected to the surge tank- The inlet-air temper- 
ature was measured by a mercury-in-glass thermometer located between 
the surge tank and the intake manifold. 

An evaporative cooling system was used and the coolant temperature 
was at the boiling point of the coolant. The desired boiling points 
were obtained by using mixtures of water and ethylene glycol. 

The valve timing was as follows: 



Intake opens, degrees A.T.C. . 10 

Intake closes, degrees .... 3h 

Exhaust opens, degrees F.B.C UO 

Exhaust closes, degrees A.T.C 1^ 

ly coming cylinder . - A lycoming 0-1230 cylinder with a lC2.8-cubic- 
inch dieplacenent was installed on a CUE crankcase^ A surge tank with 
a volume of 17,300 cubic inches was connected to the intake port of the 

cylinder with a -inch-diameter intake pipe 12 inches long. Fuel 
15 ^ 

was sprayed into the intake pipe through a nozzle Ug inches from the 

intake port of the engine* 



The valve timing was as follows: 

Intake opens, dep^rees B.T-C. 31 

Intake closes, degrees A.^.C* 67 

E}diaust opens, degrees R.P.C 61 

Exhaust closes, degrees A.T.C 37 



Allison cylinder - - An Allison V-1710 cylinder of lli2.5-cubic-inch 
displacement was installed on a CUE crankcase. The test equipment was 
identical ivith the lycoming setup except for the cylinder, the piston, 
and the crankshaft throw. 



The valve timing was e'^s follows: 

Intake opens, def:rees B.T.C US 

Intake closes, degrees A.P.G 62 

Exhaust opens, degrees B-B.C 76 

Exhaust closes, decrees A.T.C 26 



iVright cylinder . - A ri"ric:hT; 1R20 ri200 air-cooled cylinder of 
202.5-cubic-inc.i displacement was mounted on a CUE crankcase. The cyl- 
inder was fitted with corar.ercial aircraft baffles and mounted in a 
special cowling. The rest of the test apparatus was identical with 
the lycomin - setup except for the cylinder, the piston, and the crank- 
shaft throw* 
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The valire timing iras as follows; 



Intake closes, degrees A. B.C. 
Exhaijjst opens « degrees B.B.Ct 
Exhaust closes, degrees A.T.C 



Intake opens, degrees B.T.Ci-. .- . 



lU 

ho 

21 



TEST PROCEDURE 



The Inlet-alr pressure ims adjusted equal to the exhaust pressure 
and the pressures were held constant during all tests. Test condj.- 
tions for each engine are giiren in figures 1 to ^. In the case of 
the four liquid*-cooled cylinders, the coolant temperatures were held 
constant in any one test, the inlet-air temperature was varied, and 
the air flow at each temperature was measured. 

The air-cooled Wripht-cylinder tests were similar to the liquid- 
cooled cylinder testa with the exception of cylinder-cooling control. 
In this series of tests, the cooling-air pressure drop across the 
engine cylinder and the coolinf:-air temperature were held constant 
during any one run. Rons were taken at two different cooling-air 
pressure drops. 



The variation with inlet-air temperature of the air flow Into an 
engine cylind3r at constant inl<?t-air pressure is a measure of the 
variation of cylinder-charge temperature with inlet-air temperature, 
provided that the inlet-air temperature and the coolant temperatiure 
do not affect the cylinder-charge pressure at the instant of inlet- 
valve closing and provided that the effects of supercharging which 
result from the inertia of the air in the intake pipe are small. 

The temperature of the cylinder charge at the instant of inlet- 
valve closure is proportional to the reciprocal of the charge weight i 
therefore, the reciprocal of the air flow measured in the present 
tests was plotted against the measured absolute inlet-air temperature 
(fips. 1 to ?). The fact that straight lines fit the data indicate 
that the form of equation (2) is correct. 

Evaluation of B. - The reciprocal of the air flow to the cyl- 
inder with no heat transfer (termed "theoretical air flow") is directly 
proportional to tlie absolute inlet-air temperature. The straight 
linos drawn through i;he origins of figures 1 to $ show; this variation 
of the theoretical air flow with the inlet-air temperature. 



ANAL'/SIS OF RT-SULTS 
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If If equals the mass of air inducted into the cylinder, then 



i » a Tc - a Ta B + a Tw (1 - B) 



cr 



I 



- a Tc « a Ta 



theoretical 



in v.'hich a is a constant. It follovs fro-n th^sn two equation? 
that aB is the z1o\jB cf th'* '?x;i«ri!nental alr-crniunipticn ljn«» and 
a i3 th« slope of the th'^or'sLl cal air-conru.T.r.tLcn linp. The ratio 
of th'js'^ two slopes is P. 

The v?.lu"S of ?■ and 1 - B for th'? diffpr'?nt c.ylindc?rs v.-r? 
calculatpcl fror- figures 1 to ^ and are piven Ln "Dhe folLo^/in^: tatle: 



Equation (^) shovs that, if thp. loc^ ^ is plolta.! against tho 
r-:ci:To^-";l r.f ^.>e ckico root cf tho c^L*itiir?r '^lisnlacorr.^rit, tne dh.tn 
for onrtrically sir.ilir -jy lina^rE thDul.l f^LL on a sir:'_:le strairht 
lir.o naosin:; tijrnurn tLo crii^in. The data frnn ir:e ^r-c^Jinf V:ble 
rff'ert-* pLoLt"?a by c'.us r^lhoa ripvoro 6. Ih- Jata fall Purprisinrly 
clco:=r to a strj.ir-ht iin-. parsir.p: thrciiRh tr^ '^rl^in. ilio hratlng cf 
tri'^ cylinoor char*"" ir-, therefrrn, more dependent upon cylinder sL^e 
tri3n upon cylino'-r irslr:n. Figure 7 Ls a r'-plot oL* fipure 6 in a 
.Tor*^ useful fern. 

T^': 5l pr^n rf thii lino in fi^Tur^? 6 is 2.52 and the equation relating 
B and -^ylinJ^r disnlac-ir:.--int L is thor^foru 



yjy Lirid::r 



1-3 



17-6 engine 

C¥R er,;;in3 
Lyccnins: 3-1 2 
Allison "7-171'^ 
IVricht G200 



.503 
.567 

-35-^ 




- lor. 



■ ^'S ^c 



Appr jxi rat.i.'^ns * - Tro t'-cl :rj^thr»Li U3c:d In this invjsti nation do 
not tak' 'irtc account t'v r.i:.'-iiin.-^ of th«- charges thr-'^uf^h adrrdxture with 
hot rusiauil gas-js". If 3p*jcific hrat of thj n^sLduals oqu'tls the 
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specific hsat of the charge, the temperature of the residuals will . 
not affect the volumetric efficiency and, consequently, this heating 
effect is not detectable in the data obtained • The heating due to 
residuals must be estimated by other means. 

Pressure loss in the induction process causes a rise in charge 
temperature. The test method used in this report takes this temper- 
ature rise into account, but equation (2) was derived on the assunp- 
tion that all heating is caused by heat transfer. As a consequence » 
the form of equation (2) is not exactly correct, but the errors intro- 
duced by this approximation are small. 



A.ircraft Engine Rpsearch Laboratory, 

National A^dvisory Ccmmittee for Aeronautics, 
Cleveland, Ohio. 
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APPEsmrx 



EQUATION FOR CHARGE TERIPERATURE 



Notation . - The f ollowiiig symbols will be ussd in the derivation 
of formulas for determining the cylinder-charge temperature : 

Q quantity cf haat transrf erred to cliarge 

K mjan coerf icient of heat transfer from cylinier wall to charge 

AT tempnratiirs different] al b*tw3'?n cylinier wall -and cylinder 
ch^rp3 (Tv - Tc) 

inside temporature of cylinder wall 

Tq temperature of cylinder chargj 

Ta tomporature cf inlet air 

C h-jat capacity of sntirj cylind-.r charge per dogrve change in tem- 
perature 

t time of contact botwsen cylindsr wall and charge 

N engine spo3dj revolutions p.:r unit time 

k proportionality constant, between t and ^ 



D engine displacement 

D flrivation r£ pquption* - The charge drawn into th'? cylinder is 
heated Ly heat transfer from tho cylinder walls. The heat-transfer 
equation is 



The rise in the temper i-ture of the cylinder charge, assuming the 
cylinder-wall temperature to be co.istant, is 



B 




d:2 « K AT dt 



(U) 



dTc » -dAT = 



(^) 



Eliniinate dQ from the tv-o equations 



C dAT = -K AT dt 
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dAT K 

Tt C 

Integrate the preceding equation, assuming that K and C are con- 
stant, 

loBe &T - ^1 t + Ci 

where C]_ is the integration constant. The constant may be evalu- 
ated by assuming that, when t equals zero, 



AT - Tw - T; 



a 



Therefore, 



At any other time 



iT - T„ - Tc 

Substitute the values of C\ and AT into the equation 

- ^c K . 

The tir.e t is inversely prcpcrticnal to flnrine speed, Thercfcr«», 



T„ - T 



or 

_ _ kK 

5^ - - B 

Mv - ^a 

Also 

Tc - Ta P + T^ (1 - R) (6) 

Equation (6) is the basic equation for relating cylinder-charge 
temperature to inlet-air temperature and cylinder-wall temperature and 
is the same equation as given in reference 1 erxept that the constants 
are defined differently, that is, B - 1 - A. 
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The ratio K/C is proportional to the surface-volume ratio at 
constant pressure- The surface-vclume ratio of similar cylinders 
varies inversely with the cube root of the displacement; therefore. 



K 1 



or 

lor 1 =- 

■ r* 



and 

■where H is the propcrticnality constant. 

If lopp is ploiten against — — fr.r varices enrir^.r*, the 

data should fall on a .-traiphL line y arising- thrcu^jh t^.e cri^iii v/ith 
a slope eroal to H. 



1. Taylor, Z. F^iyette, an-i Taylor, Ed7;ard 3.: The Lnl.^rnal Cot.cug- 

li'Ti ■';n*;in-'=^- Internat-icnal T'^xtbook C'^. (ocrantcn, ra.)* 

2. SG.idcrs, ITevell D. : ^ifect of Tv.el Taporiaatioa, I;ilet-iir Tom- 

pcrati'.rei arA ?uel-iA.ir £atio on the Knock Lizait of Isooctane. 
:iiCA A3E. ITov. 19^2. 




100 200 300 400 500 600 700 800 

Inlet-air tempera tiire , abs. 

Figure 1.- Comparison of theoretical and measured air flow in a 17.6 engine. Engine displacement, ^ 
17.6 cubic inches; compression ratio, 7.0; intake valve closes, 40^ A.B^C; engine speed, ^ 
2370 rpm; inlet-air pressure, 29.07 inches Hg absolute; exhaust pressure, 30 inches Hg absolute; m 
coolant temperature, 250® F; fuel-air ratio, 0.075. 
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Pigare 2*- Conqparison of theoretical and measured air flow in a CFE engine. Engine displacement. 



37.4 cubic inches; 
2000 rpm; inlet-air pressure, 
fuel-air ratio, 0,075. 



conrpression ratio, 7.0; intake valve closes, 34^ A. B.C.! engine speed, 
30 inches Hg absolute; exhaust pressure, 30 inches Hg absolute; 




100 200 300 400 500 600 700 800 

Inlet-air temperature, ais. 



Pigure 3.- Comparison of theoretical and measured air flow in a Lycoming 0-1230 cylinder. Engine 

displacement, 102,8 cubic inches; conipression ratio, 7.0; intake valve closes, 
67^ A.B.C.* engine speed, 2400 rpm; inlet-air pressure, 29,20 inches Hg ahsolute; exhaust pressure, 
30 inches Hg absolute; fuel-air ratio, 0.075. 
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Figure 4.- CompariBon of theoretical and measured air flow in an Allison ¥-1710 cylinder. Engine 

displacement, 142,5 cubic inches; compression ratio, 6.65; intake valve closes, 62° 
A.B.C.; engine speed, 2400 rpm; inlet-air pressure, 29.10 inches Hg absolute; exhaust pressure, 
30 inches Hg absolute; fuel-air ratio, 0,08. 
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Pigore 5— Comparison of theoretical and measured air flow in a Wright 1820 a200 cylinder. Engine ^ 
displacement, 202.5 cubic inches; compression ratio, 6.72; intake valve closes, 40° A.B.C.;^ 
engine speed, 2400 rpm; inlet-air pressure, 29.3 inches Hg absolute; exhaust pressure, 30 inches He 
absolute; fuel-air ratio, 0.075. 
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Reciprocal of cu"be root of displacement 

Figure 6.- Effect of cylinder displacement on heat- 
ing of cylinder charge. 
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Figure 7.- Effect of cylinder displacement 
on heating of cylinder charge. 
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